Laparoscopic donor nephrectomy (LDN) has become the method of choice to procure kidneys from living donors, mainly because of the reduced procedure-related morbidity and faster convalescence period \[[@CR1]--[@CR3]\]. Despite the benefits to the donor, there are concerns over the transient deterioration of renal function in the recipient of the kidney procured by the laparoscopic technique, compared with open donor nephrectomy (ODN) \[[@CR2], [@CR4]--[@CR6]\]. The exact mechanism of delayed graft function after LDN is not fully understood.

Pneumoperitoneum (PP) elevates intra-abdominal pressure (IAP), causing a decrease in renal blood flow (RBF) and glomerular filtration rate (GFR) resulting in oliguria \[[@CR7]--[@CR10]\]. In an animal model, London et al. have shown that PP resulted in a decrease in RBF during normal saline infusion, whereas RBF did not decrease if volume expansion was given \[[@CR11]\]. From these results vigorous hydration up to 2 l/h of crystalloids during LDN in patients has nowadays been advocated \[[@CR1], [@CR12]--[@CR15]\].

In 52 patients, Bergman et al. \[[@CR16]\] found, however, no difference in graft function after LDN between aggressive (\>10ml/kg/h) and conservative (\<10 ml/kg/h) intraoperative fluid management. Volume loading after establishment of PP is perhaps too late to counterbalance the collapsed venal system. Biancofiore et al. \[[@CR17]\] studied the effect of volume loading on graft function with a crystalloid infusion starting the night before surgery. Early graft function did not differ between ODN and LDN, although the serum creatinine declined earlier, but not significantly, in those receiving kidneys from ODN procedure.

Fasting before operation and induction of anesthesia leads to relative hypovolemia and the goal is therefore to compensate this before PP is started. In this study, we compared three different fluid regimes in LDN patients, in which the effect of pre-hydration together with a bolus of colloids given just before induction of anesthesia and a second one just before inflation of PP on hemodynamics was of special interest.

Methods {#Sec1}
=======

Patients undergoing LDN from June 2001 to November 2001 (*N* = 21) were included in the study. The anesthetic procedure was performed according to a strict protocol for medication, ventilation and fluid regimen. In our hospital the donor patients are admitted the day before the operation, they are fasted during the night from 00:00 and operated on at 08.00 the next morning. Patients were randomized the day before operation by sealed envelopes by the responsible anesthetist to three different fluid regimens (Table [1](#Tab1){ref-type="table"}): in group 1 fluid administration was started at 22:00 the day before operation with 3 ml/ideal body weight (IBW)/h Ringers lactate (RL) until operation. Before induction of anesthesia, the patients received 6 ml/IBW of colloid (6% HES 130/0.4); thereafter 13 ml/IBW/h RL was started until nephrectomy, before installation of PP another bolus of 6 ml/IBW colloid was given. Group 2 received overnight infusion in the same way as in group 1 with a bolus of 6 ml/IBW colloid just before induction. During operation, an infusion was started with 13 ml/IBW/h RL and 2 ml/IBW/h of colloid was given for three hours. Group 3 was fasted from 00:00 on the day of operation and received only an infusion during operation with 13 ml/IBW/h RL and 4 ml/IBW/h of colloid for three hours. After nephrectomy the infusion protocol was adjusted, so that exactly six hours after start of operation all the patients had received in total 9 ml/IBW/h RL. Patients were fitted with anti-thrombosis stockings. Table 1.Infusion protocols used in the three groupsGroup*n*ml RL/IBW/h pre-hydration^a^ml RL/IBW/h preoperative^b^ml HES/IBW before induction^c^ml HES/IBW before PP^d^ml HES/IBW/h after PP^e^ml HES/ IBW total1731366122721363 × 21237163 × 412IBW = ideal body weight*n* = number of patients^a^ Prehydration from 22:00 the day before laparoscopic donor nephrectomy, until operation^b^ The amount of Ringer's lactate given during operation, until nephrectomy^c^ Amount of 6% HES 130/0.4 given before induction of anesthesia^d^ Amount of 6% HES 130/0.4 given before installation of pneumoperitoneum^e^ Amount of 6% HES 130/0.4 given per hour after installation of pneumoperitoneumHES = 6% HES 130/0.4

Induction of anesthesia was performed with propofol (2 mg/kg) after a bolus of sufentanil (0.3 μg/kg). Muscle relaxation was achieved with rocuronium (0.8 mg/kg) and monitored by train-of-four (TOF) guard, a bolus of rocuronium (0.3 mg/kg) was given for three or more twitches. Anesthesia was maintained with propofol by continuous infusion (4--11 mg/kg/h), aiming at a bispectral index between 45 and 55 (BIS monitor; Aspect Medical Systems, Newton, MA, USA), and analgesia was achieved by continuous infusion of sufentanil (0.4 μg/kg/h) until nephrectomy. One hour after the start of operation 20 mg mannitol was given intravenously.

After intubation all patients were ventilated in a pressure-controlled mode using a closed-loop ventilator (Physioflex^®^, Dräger, Lübeck, Germany) with the following initial settings: FiO~2~ of 0.4, positive end-expiratory pressure (PEEP) of 7 cm H~2~O and peak inspiratory pressure (PIP) of 22 cm H~2~O. Ventilation frequency was adjusted to keep PetCO~2~ between 4 and 5.5 kPa. After induction of anesthesia and before positioning of the patient, an esophageal Doppler probe (HemoSonic^TM^ 100, Arrow International Inc., Reading, PA, USA) was positioned for measuring stroke volume (SV) and left ventricular ejection time, corrected for heart rate (LVETc) \[[@CR18]--[@CR20]\].

After positioning the patient in full lateral nephrectomy position, PP was installed with an IAP of 12 mmHg, which was constantly maintained at this level. All operations were done by the same team of anesthesiologists and surgeons. The surgical techniques have been described in detail elsewhere \[[@CR21]\].

Mean arterial pressure (MAP) and SV (available after induction of anesthesia) were monitored noninvasively every five minutes. Urine output was measured from 22:00 the day before until the introduction of PP (T0), and was then measured every hour up to six hours thereafter (T1--6). Blood samples of the donors were collected to determine creatinine levels the day before operation, after induction of anesthesia, six hours after installation of PP, two days, one month, and one year after operation. Creatinine clearance (CrCl) was determined using the Cockcroft-Gault formula \[[@CR22]\].

Statistical analysis {#Sec2}
--------------------

Data analysis was performed using SPSS for Windows (version 14.0, SPSS Inc., Chicago, USA). Data are presented as means with standard deviation (SD). Differences between the groups were analyzed using the independent *t*-test, depending on Levene's test, pooled or unpooled. Repeated measures with a general linear model from SPSS were used to assess significance for CrCl. A (two-sided) *p*-value \< 0.05 was considered statistically significant.

Results {#Sec3}
=======

Baseline characteristics are shown in Table [2](#Tab2){ref-type="table"} and were comparable between the three groups. After induction of anesthesia, SV was significantly higher in both pre-hydrated groups compared to the control group (Fig. [1](#Fig1){ref-type="fig"}). After repositioning from supine to lateral, SV decreased significantly in the control group but not in groups 1 and 2 (Fig. [1](#Fig1){ref-type="fig"}). After installation of PP, SV remained stable in group 1 but not in groups 2 and 3 (Fig. [1](#Fig1){ref-type="fig"}). Table 2.Demographic data on the three groups, mean (SD)Group 1Group 2Group 3Age (yrs)56 (11)53 (9)55 (12)Weight (kg)72 (9)82 (8)74 (7)IBW (kg)70 (8)78 (8)71 (6)Male/female2/54/33/4Operation time (min)237 (37)251 (46)226 (31)IBW = ideal body weightFig. 1.Stroke volume changes during laparoscopic donor nephrectomy, comparing three different fluid regimens: \# symbol *p* \< 0.05 for groups 1 and 2 versus control group 3; o symbol *p* \< 0.05 for group 1 versus group 2; × symbol *p* \< 0.05 versus supine position. Data are mean ± standard deviation.

After induction, LVETc was higher in group 1 compared to the control group during the whole procedure and remained stable (Table [3](#Tab3){ref-type="table"}). In all groups MAP decreased after induction of anesthesia; in the control group MAP decreased significantly more compared to group 1 (*p* = 0.03). HR was comparable between the three groups (Table [3](#Tab3){ref-type="table"}). Table 3.Data on hemodynamic parameters: heart rate (HR), mean arterial pressure (MAP) and left ventricular ejection time (LVETc), mean (SD). Columns correspond to seven times: before anesthesia (preop); after induction of anesthesia, supine position (supine); full lateral position (lateral); and mean measurement for the first, second, third and fourth 30 minutes after installation of pneumoperitoneum (PP30, PP60, PP90 and PP120, respectively)PreopSupineLateralPP30PP60PP90PP120HR  Group 165 (6)65 (13)63 (20)60 (9)61 (8)60 (10)61 (9)  Group 263 (11)60 (9)61 (14)62 (11)61 (9)63 (6)63 (8)  Group 3 (control)73 (9)69 (14)61 (6)65 (10)63 (6)60 (7)61 (6)MAP  Group 1102 (11)85 (13)\* ^\#^81 (19)\*93 (14)96 (15)94 (17)98 (20)  Group 2102 (14)73 (10)\*81 (15)\*107 (10)107 (18)104 (8)102 (12)  Group 3 (control)105 (12)70 (11)\*79 (7)\*103 (9)98 (11)95 (12)95 (15)LVETc  Group 1336 (19)^\#^339 (20)^\#^355 (26)^\#^345 (31)335 (30)336 (33)  Group 2313 (29)308 (39)295 (58)°311 (20)°308 (27)300 (28)  Group 3 (control)294 (26)284 (31)292 (26)307 (18)309 (18)311 (25)\* *p* \< 0.05 versus preoperative values\# *p* \< 0.05 groups 1 and 2 versus control group° *p* \< 0.05 group 1 versus group 2

Urine output, measured from the start of operation until the moment of kidney extraction, was 1.9 ml/kg/h (range 1.2--3.2) for group 1, 1.4 ml/kg/h (range 0.8--2.3) for group 2, and 1.1 ml/kg/h (range 0.6--1.6) for group 3. In controls, the urine production was significantly lower compared to group 1 (*p* = 0.01). CrCl decreased in the control group directly after PP, but not in the other groups (Table [4](#Tab4){ref-type="table"}). From two days postoperative, CrCl was comparable between the three study groups (Table [4](#Tab4){ref-type="table"}). Table 4.Creatinine clearance \[mean (SD)\] in the three groups at six measurement points: one day before operation; just after induction of anesthesia; at 14:30, six hours after installation of pneumoperitoneum T6; two days after operation; one month after operation; and one year after operationGroup 1Group 2Group 3 (control)CrCl preop (ml/min)89 (19)101 (25)102 (34)CrCl after induction (ml/min)104 (18)109 (20)96 (31)CrCl after the operation (ml/min)87 (17)94 (14)73 (23)ªCrCl D2 (ml/min)63 (10)\*65 (11)\*64 (19)\*CrCl after 1 month (ml/min)63 (12)\*67 (11)\*63 (24)\*CrCl after 1 year (ml/min)71 (13)71 (13)\*66 (25)\*\* *p* \< 0.05 versus preoperative valuesª *p* \< 0.05 difference between CrCl preop and CrCl after operation, control group versus groups 1 and 2

Discussion {#Sec4}
==========

This study showed that during LDN preoperative hydration together with a bolus of colloid given before induction of anesthesia and before installation of PP resulted in higher SV and higher urine output compared to a fluid regimen with only an intraoperative aggressive fluid infusion. The second group, which received no bolus of colloid before PP in contrast to group 1, showed a significant reduction in SV after installation of PP. In the control group, LVETc and urine output at the moment of kidney extraction showed significantly lower values compared to both pre-hydration groups. CrCl values six hours after the start of the operation was significantly reduced in the control group compared to preoperative values but not in the two pre-hydrated groups; this difference was reduced two days postoperatively.

Clinical studies yield conflicting data concerning the effect of LDN on recipient graft function compared to ODN. The largest study to date compared more than 5,000 kidney transplants from a database and found that LDN was associated with slower early graft function compared to ODN. However, renal function and graft survival at one year was similar between both groups. This was confirmed by retrospective analysis of 120 LDN and 100 ODN in our own institution in which serum creatinine in the recipients was significantly higher in the LDN group only in the first week after transplantation \[[@CR4]\]. One very important discriminating factor between ODN and LDN is the pneumoperitoneum. From experimental studies it has become clear that PP decreases RBF and that the magnitude of this decrease is affected by the IAP used, the volume status, and positioning. To counterbalance the increased IAP, vigorous intravenous hydration during LDN is nowadays recommended in an attempt to optimize preload and promote diuresis, but randomized clinical data are missing. In a porcine model, Demyttenaere et al. \[[@CR23]\] showed that the decrease in SV and renal cortical perfusion could be prevented by a simple hydration of 15 ml/kg/h saline combined with a bolus 20 ml/kg saline, in accordance with the findings of London et al. \[[@CR11]\]. This was also seen in the present study in which pre-hydration with a normal infusion with crystalloids during operation combined with a bolus of colloids just before PP did not decrease SV but improved diuresis. Besides PP, the kidney lateral decubitus position, which is an anti-Trendelenburg position, contributes to hemodynamic alterations by decreasing preload through the effect of gravity on venous return \[[@CR24]\]. Yokoyama et al. \[[@CR25]\] found no significant change in hemodynamic values after postural change of their patients from supine to lateral but a significant reduction in SV after postural change to kidney position; these patients received a fluid regime of 20 ml/kg/h of crystalloids. This was confirmed by our study in which the control group showed a significant reduction in SV after postural change from supine to kidney position whereas there was no reduction in the two pre-hydrated groups, which received a bolus of colloid just before induction (Fig. [1](#Fig1){ref-type="fig"}).

After pre-hydration with crystalloids we infused colloids to achieve optimal plasma expansion just before installation of PP \[[@CR26]\]. In our hospital we use 6% HES 130/0.4 for fluid expansion, because the rate for anaphylactic reactions is considerably lower than for gelatin products \[[@CR27]\]. However, there are concerns that infusion of certain HES types may influence kidney function \[[@CR28]\]. As long as adequate hydration using sufficient amounts of crystalloids are used, the latest generation of HES products (6% HES 130/0.4) do not increase the risk for renal dysfunction even when used in large amounts \[[@CR29], [@CR30]\]. Lang et al. \[[@CR31]\] even demonstrated that 6% HES 130/0.4 improved tissue oxygenation during and after major surgical procedures compared with a crystalloid-based volume strategy.

In this study, we used the HemoSonic^TM^, a transoesophageal Doppler ultrasonography (TOD) device, to measure blood flow in the descending aorta. Several studies have confirmed good correlation with cardiac output measured by the thermodilution technique \[[@CR18], [@CR32]\]. It has been shown that the accuracy of the device is somewhat operator-dependent \[[@CR20]\] and therefore the same two people did all the measurements with this device in the present study. Feldman et al. \[[@CR33]\] used LVET to guide their fluid management in LDN patients. In the present study it was shown that LVETc was significantly lower in the control group that did not received pre-hydration and increased over time (Table [2](#Tab2){ref-type="table"}). It should, however, be taken into account that the blood flow with this device is measured in the descending aorta, which is around 70% of the total cardiac output. This could influence our measurements if redistribution of flow away from the descending aorta occurs because of elevated IAP and this is more pronounced in hypovolemic patients.

Some other limitations of this study should be noted. In only four patients a MAG3 scan was performed, which provides the distribution of the function from the two kidneys of the donor. In the four measured patients the harvested kidney contributed 43--48% of the total kidney function, these four patients were divided over all three study groups. However because we do not have the data on the other patients, this could have biased our data on postoperative CrCl. Prehydration of the donor patients conform our protocol, started the night before operation, which contradicts fast-track surgery where kidney donor patients are admitted to hospital on the day of surgery. Also these patients can receive adequate pre-hydration, but further research should be done.

In this study we focused on intraoperative hemodynamic changes. Our data show that preoperative hydration together with a colloid bolus given before induction of anesthesia and before installation of PP resulted in higher SV and higher urine output during LDN, compared to controls that received only an aggressive intraoperative infusion. While under-hydration may contribute to renal dysfunction, perioperative fluid excess can also cause problems, such as pulmonary edema, ileus and increased risk of cardiopulmonary and wound healing complications, which might result in longer hospital stay \[[@CR34]\]. However, there is a need to ensure adequate hydration status during PP without being overaggressive. First, our fluid regime will be tested in a large prospective study in order to prevent the negative effect of PP on early graft function in the recipient, and to study possible side-effects in the donor.
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